Summary.-Differences were seen in the ability of 2 strains of C. parvum to augment cytotoxicity attributable to NK cells towards a rat lymphoma. Furthermore, 2 batches of the same strain of C. parvum prepared by different methods also differed in their ability to augment cytotoxicity. Other factors influencing cytotoxicity were dose, route of inoculation and time after injection at which the assay was performed. Although all preparations of C. parvum augmented the cytotoxicity of peritoneal-exudate cells when injected i.p., only the most stimulatory preparation consistently augmented splenic cytotoxicity when given by this route. I.v. administration of 1 mg of C. parvum produced peak levels of splenic cytotoxicity 2-3 days later, but this response was strictly dose-dependent, since 1 ,ug depressed splenic cytotoxicity. This dose-dependent effect also extended to ADCC, since 1 mg stimulated cytotoxicity towards antibody-coated P815 cells, whilst 1 ,Lg depressed it in a manner similar to its effect on natural cytotoxicity. Whilst the cytotoxic cells of stimulated rats closely resembled the NK cells of normal rats, BN rats responded differently to C. parvum from W/Fu or WAG rats, in that marked lysis of P815 or RBL-5 cells was observed, though these targets are usually resistant to lysis by rat NK cells in short-term assays.
CORYNEBACTERIUM PAR VUM has been used with varying success as an antitumour agent in both animal and clinical studies (reviewed by Milas & Scott, 1978) and appears to mediate anti-tumour effects by both T-dependent and Tindependent mechanisms (Woodruff & Warner, 1977) . Potentiation of a tumourspecific T-cell response has been achieved by the injection of C. parvum, either at the tumour site or by s.c. inoculation of a mixture of C. parvum and irradiated tumour cells (Woodruff & Warner, 1977; Scott, 1975) . In contrast, i.v. (Woodruff et al., 1973; Woodruff & Warner, 1977) or i.p. (Woodruff et al., 1973 ) injection of C. parvum appears to produce a T-independent tumour regression. Indeed, i.v.
C. parvum has been shown to suppress the capacity of T cells to respond to phytohaemagglutinin (Bash, 1978) and to suppress cell-mediated tumour immunity (Kirchner et al., 1975) . The effect of C. parvum on T-independent mechanisms of tumour rejection has received recent attention, as evidence accumulates in favour of the possibility that non-T cells rather than T cells may mediate surveillance against tumours (Stutman, 1975; Moller & Moller, 1976) . Macrophages (Ghaffer et al., 1975) , natural killer (NK) cells and K cells (de Landazuri et al., 1974) are among the non-T cells which have been shown to kill tumours in vitro and, whilst their relative importance in vivo is not clear, evidence suggesting a significant role for NK cells in surveillance has been presented (Haller et al., 1977) .
Recent reports indicate that C. parvum * To whom reprint requests should be addressed.
stimulates cytotoxicity in mice (Herberman et al., 1977; Ojo et al., 1978a; 1,978b) and rats (Oehler et al., 1978) attributable to non-adherent non-T cells which closely resemble the NK cells of normal animals. However, different effects oin cytotoxicity have been observed; whilst i.p. inoculation of C. parvum augmented splenic cytotoxicity in mice (Herberman et al., 1977) and rats (Oehler et al., 1978) others have reported minimal effects on cytotoxicity in the spleen using this rouite of inoculation, in contrast to the marked depression of splenic cytotoxicity after i.v. inoculation (Ojo et al., 1 978a) . In an attempt to resolve these conflicting observations we have examined several parameters which influence the cytotoxic response to C. parvurn in rats, including the preparation used, the dose and route of inoculation and the time of assessment of cytotoxicity. In addition, the cytotoxic cells in stimulated rats were shown to closely resemble the NK cells of normal rats.
MATERIALS AND METHODS
Aninwals. Inbred Wistar/Furth (W/Fu), Wistar albino Glaxo (WAG) and Brown Norwvay (BN) rats were bred at the University of Western Australia. Age-matched males 8-10 weeks of age were used.
Tumours.-The Gross virus-induced lymphomas of W/Fu rats, W/FuG-1 and (C58NT)D, the murine mastocytoma P815, and RBL-5, the Rauscher virus-induced leukaemia of C57BL/6 mice are described elsewhere (Dawkins & Shellam, 1979a) .
The human lymphoblastoid cell lines Raji and K562 were the kind gift of Dr John Wunderlich, National Cancer Institute, U.S.A. With the exception of (C58NT)D, wvhich -was passaged in vivo (Shellam, 1974) all cell lines were cultured in RPM1 1640 and 10% FCS, hereafter referred to as medium.
Preparations of cell suspensions.-Singlecell suspensions from the spleen and peritoneal exudate were prepared as described previously (Dawkins & Shellam, 1979a (Dawkins & Shellam, 1979a (Dawkins & Shellam, 1979a (Corynebacterium parvum. Three preparations of C. parvum (nowr known as C. acnes) were used. Preparation A (ATCC 11829) was obtained from the freeze-dried stocks of this department, and w%as cultured anaerobically in brain-heart infusion broth for 3 days at 37°C. The organisms were harvested by centrifugation at 7000 g, washed x 3 with phosphate-buffered saline (PBS) lyophilized and stored at 4°C. When required, the ampoules were reconstituted at 7 mg/ml (dry wveight) and heat-inactivated at 60°C for 1 h. Preparation B (Strain CN6134) was obtained from Burroughs Wellcome, as a formalin-killed suspension in 0-01% wv/v thiomersal saline, at a concentration of 7 mg/mi. In preliminary experiments it was established that thiomersal saline alone exerted no effect on cytotoxicity. Preparation C, also from Burroughs Wellcome (Strain CN6134, Batch PX383) contained no thiomersal and was obtained as a suspension of heat-killed organisms at a concentration of 7 mg/ml (dry w-eight). C. parvum rn as injected in 0 5 ml i.p. or i.v. in PBS, and i.v. injections were performed under ether anaesthesia using the caudal vein and an injection time of 1-2 min.
Characterization of effector cells T-cell-depleted rats.-Adult thymectomized, lethally irradiated and marrow reconstituted W/Fu rats were prepared as described elsewhere (Dawkins & Shellam, 1979b) .
The plaque-forming cell responses of these rats to sheep erythrocytes (SRBC) wrere reduced at least 10-fold. Anti-T-cell antiserum. T-cells were depleted in vitro by incubating 5 x 107 leucocytes in the presence of an appropriate dilution of antiserum and rabbit complement for 1 h at 37°C in a final volume of I ml followed by 2 washes at 450 q. The heterologous antiserum used has been described previously (Dawkins & Shellam, 1979b) and was shown to be T-cell-specific.
Removal of adherent cells. Adherent cells were removed from cell suspensions in plastic Petri dishes, after which they were recovered -with the use of lignocaine (Dawkins & Shellam, 1979b mm lignocaine in PBS. Preliminary experiments demonstrated that lignocaine had no effect on the cytotoxicity of normal spleen cells. Adherent cells were diluted in 300 ml of medium and, after standing at room temperature for 30 min, were washed twice by centrifugation at 450 g. The non-adherent fraction of spleen cells or peritoneal-exudate cells (PEC) from normal or C. parvruminoculated rats contained < 10 0 phagocytic cells, as judged by the uptake of polystyrene beads, and <500 esterase-positive cells using the cytochemical staining procedure for nonspecific esterase (Stuart et al.. 1978) . Unfractionated PEC or spleen cells wvere 17-24% or 9-11% esterase-positive respectively, whilst adherent fractions of these cell populations were 47-51% and 36-440 0 esterase-positive respectively.
Competitive inhibition.-This assay, Nhich wAas used to assess effector-cell specificity, is described elsewhere (Shellam & Hogg. 1977) . Briefly, 1-32 x 104 unlabelled target cells were added to wvells containing 104 labelled W/FuG-I cells and 106 effector cells to give a final volume of 0-2 ml. The result was plotted as 0%51Cr release against comnpetitor/target cell ratio.
RESULTS
The effect of the dose and preparation of C. parvum on cytotoxic PEC and leucocyte number
Since preliminary experiments established that 0 5 mg of C. parvum given i.p. stimulated cytotoxicity in the peritoneal cavity for at least 35 days, and that a reproducibly augmented response was observed as early as 3 to 5 days (data not shown) the effect of the dose and preparation of C. parvum on cytotoxic PEC was measured 5 days after inoculation.
Using 3 preparations of C. parvum, the effect on cytotoxicity in the peritoneal cavity was investigated using doses from 0 01 to 15 mg inoculated i.p. (Fig. 1) . Clearly, doses in the range 0 1-1 mg of all preparations produced a marked increase in cytotoxicity, and Preparations B and C were also active at doses of 3-7 mg ( Fig. 1 a, c,e). Preparation C was clearly the most potent. Interestingly, large doses (Milas & Scott, 1978) counts were made of the total number of leucocytes at Day 5 in the peritoneal cavity of rats injected with the doses indicated in Fig. 1 . Whilst the mean leucocyte number in the peritoneal cavity of control rats was 17 x 106, the cell number was increased in C. parvum-inoculated rats. Preparation C induced a 2-3-fold increase at doses of 0 1-7 mg, whereas the increase induced by Preparations A and B over this dose range was less than 2-fold. When the number of peritoneal leucocytes is taken into account, the total cytotoxicity in the peritoneal cavity can also be seen to be dependent on the dose and preparation of C. parvum used (Fig.  Ib,d,f) . Again Preparation C was the most effective ( Fig. If) and the 17-19-fold augmentation of total cytotoxicity at doses of 1-3 mg is in part a reflection of the ability of this preparation to induce leucocyte influx. The effect of i.p. of C. parvum on cytotoxicity in the spleen
In every experiment performed, C. parnum consistently augmented cytotoxicity in the peritoneal cavity when inoculated in a dose of 0-5 mg i.p. irrespective of the preparation used. However, its effect on splenic cytotoxicity was variable when administered by this route, and was influenced by the preparation of C. parvurn. The levels of splenic cytotoxicity obtained in a number of experiments are shown in Table I t + +, > 1-5-fold increase; +, > 1 < 1-5-foldt increase; 0, no effect; -> I < 1 5-fold (lecrease. > 1P5-fold in only 2/6 and 2/4 experiments respectively, whilst Preparation C was highly stimulatory in all experiments performed. These differences between preparations were observed when using either W/Fu or WAG rats (Table I) The effect of i.v. C. parvum on splenic cytotoxicity
In view of the variable effect of i.p. inoculation of C. parvum on splenic cytotoxicity, the effect of i.v. inoculation was determined. Whilst the preparations of C. parvum differed in their ability to induce cytotoxicity in the spleen after i.p. inoculation, Preparations A and C were equipotent in stimulating splenic cytotoxicity after i.v. inoculation, and in 4/4 and 5/5 experiments respectively, cytotoxicity was stimulated > 1*5-fold. Doses of 1-5 mg of both preparations reproducibly induced a 2-3-fold increase in cytotoxicity at Day 3 (data not shown). Thus i.v. was more reliable than i.p. injection for augmentation of splenic cytotoxicity.
However, the i.v. injection of small doses of C. parvum has been reported to depress splenic cytotoxicity in mice (Ojo et al., 1978a) . Accordingly, comparison was made between the effect of 1 ,ug and 1 mg of Preparation C injected i.v. on splenic cytotoxicity. Spleen cells were tested for NK activity in the standard assay with W/FuG-1 target cells (Fig. 2a) and for activity against antibody-coated P815 cells in an assay for ADCC (Fig. 2b) . Clearly, whilst 1 mg stimulated cytotoxicity against W/FuG-1 cells, I pog caused a depression in cytotoxicity which was maximal at 10 days and returned to control levels by Day 25 (Fig. 2a) . Splenomegaly and enhanced total cytotoxicity were observed until Day 13 with 1 mg, whereas 1 ,ug had no effect on spleen-cell number (data not shown). Similarly, whilst ADCC was stimulated by 1 mg at Day 3 it was depressed by 1 ,tg, as observed using W/FuG-1 target cells (Fig. 2b) .
Effect of T-cell depletion on cytotoxicity augmented by C. parvum T cells were depleted either by adult thymectomy, irradiation and marrow reconstitution (ATX.BM) rats (Table II) or by the use of a specific heterologous anti-T-cell antiserum and complement (Fig. 3) .
Firstly, as previously observed (Shellam, 1977) , ATX.BM rats exhibit naturally occurring cytotoxicity towards W/FuG-1 target cells (Table II) in normal and ATX.BM rats, although it should be noted that the total cytotoxicity was lower in ATX.BM than in intact rats after stimulation, and that this reflects the smaller increase in leucocyte numbers in these rats. Thus T cells do not appear to be essential for the augmentation of cytotoxic PEC by C. parvum Secondly, cytotoxic cells from the peritoneal cavity or spleen of normal or C. parvum-stimulated rats were compared for their susceptibility to lysis by a specific anti-T-cell antiserum and complement (Fig. 3) . The mean recovery of cells after this treatment was 50% for PEC and 40% for spleen cells. Treatment with antiserum or complement alone did not diminish cytotoxicity (data not shown). Cytotoxicity was enriched by the AUGMENTATION OF NATURAL CYTOTOXICITY BY C. PARTVUM removal of T cells and even allowing for the loss of about half the cell population after treatment with antiserum and complement, it can be seen that the cytotoxicity in the spleen and peritoneal exudate of normal or boosted rats is largely mediated by non-T cells.
Adherence properties of the cytotoxic cells
The effect of the removal of adherent cells on the cytotoxicity of normal and C. parvum-boosted PEC and spleen cells was investigated by incubation of the cells in plastic Petri dishes (Table III) . Most of the cytotoxicity was associated with the non-adherent population in both normal and C. parvrum-boosted PEC or spleen cells. In all groups, adherent cells displayed modest cytotoxicity on a cell-forcell basis, except the adherent cells from C. parvum-boosted peritoneal exudate (Table III) . However, adherent cells were few in number and their contribution to total cytotoxicity was always a relatively Specificity of cytotoxicity after treatment with C. parvum The cytotoxic specificity of spleen cells or PEC from normal and C. parvuminoculated rats was compared in competitive inhibition assays, using target cells which were susceptible or resistant to NK-cell-mediated lysis (Fig. 4) .
Clearly the specificity of cytotoxic cells in the spleen or peritoneal exudate of C. parvum-stimulated rats closely resembled that of the corresponding cells from normal rats, since a similar pattern of inhibition by a panel of unlabelled target cells was observed.
Strain variation in response to C. parvum By specificity analysis using direct lysis, the spleen cells of i.v.-inoculated W/Fu rats closely resemble those of normal rats, lysing W/FuG-1 but not P815 or RBL-5 target cells (Table IV) , and similar results were obtained with WAG rats (data not shown). In contrast, BN spleen cells expressed a different specificity after C. parvum inoculation i.v. Thus whilst the levels of NK cells in the spleens of normal BN rats were lower than in W/Fu, as observed previously (Shellam & Hogg, 1977) , the degree of stimulation of cytotoxicity towards W/FuG-1 cells by C. parvum was greater than in W/Fu, and marked lysis of P815 and RBL-5 cells was found. This altered pattern of lysis in BN rats after inoculation of C. parvum was verified in 4 matched experiments with WV/Fu spleen cells. The effects of C. parvrum were influenced by the route of inoculation, the dose, the time after injection at which the response was examined, and the strain and preparation of C. parvrum which was used. In addition to its effects on cytotoxicity, C. parvum also enhanced leucocyte numbers in these organs, inarkedly increasing the total cytotoxic activity in each organ. The i.p. inoculation of C. parvrum augmented cytotoxicity in the peritoneal exudate, doses in the range 05-1 mg being the most effective, and doses greater than 1 mg being generally less stimulatory. On a body-weight-adjusted basis this dose response pattern is similar to that found with PEC in mice (Ojo et al., 1978a) . Interestingly, the 3 preparations of C. parvum had different abilities to augment cytotoxicity in the peritoneal exudate. Thus heat-killed organisms of the ATCC 11829 strain (Preparation A) were less effective than Strain CN6134 prepared similarly (Preparation C), and a formalinkilled preparation of CN6134 (Preparation B) seemed less effective than heat-killed organisms of the same strain. This last observation appears to be related to the method of preparation rather than to the presence of thiomersal preservative in Preparation B, since the i.p. injection of the same volume of thiomersal saline had no effect on cytotoxicity in the peritoneal cavity. Organisms of Strain CN6134 were clearly more potent than those of the ATCC 11829 strain, and produced more marked changes in the investigated parameters: increased cytotoxicity and leucocyte number in the peritoneal cavity and ability to augment splenic cytotoxicity after i.p. inoculation. Recent surveys have shown similar interstrain variations in the biological activities of C. parvrum in mice (O'Neill et al., 1973; McBride et al., 1975) including anti-tumour activity and the ability to indtuce splenomegaly and inflammatory peritoneal exudates (McBride et al., 1975) .
Some differences have been found in the ability of C. parvum to augment splenic cytotoxicity after i.p. inoculation, ranging from stimulation (Herberman et al., 1977) to no change (Ojo et al., 1978a) . Our results suggest that these differences are a property of the strain and preparation of C. parvum used, since Preparations A and B infrequently stimulated splenic cytotoxicity by this route, whilst Preparation C always did so. Indeed Preparations A and B occasionally depressed splenic cytotoxicity. Since cytotoxicity in the peritoneal exudate was always stimulated by this route of inoculation, the data suggest that augmentation of cytotoxicity in the peritoneal cavity occurs independently of the spleen. This is strengthened by the finding that such augmentation of cytotoxicity in C. parvum-inoculated splenectomized rats was equivalent to that in normal rats (Flexman & Shellam, unpublished 
observations).
In contrast, whilst i.p. inoculation only stimulated the spleen if a potent preparation of C. parvum was used, i.v. inoculation regularly augmented splenic cytotoxicity irrespective of the preparation, though the latter response was time-and dose-dependent. Thus 1 mg augmented cytotoxicity initially but the response rapidly declined to control levels. A dose of 1 Htg, however, only depressed the cytotoxicity, but this was more apparent at later times. A similar response to the i.v. inoculation of C. parvum has been reported in mice (Ojo et al., 1978a) . ADCC to antibody-coated P815 cells was similarly depressed by 1 jug, though 1 mg was stimulatory. The similarity of the responses to high and low doses of C. parvum by NK cells and cells active in ADCC provides support for the concept that the cells involved in these 2 mechanisms are closely related (Ojo & Wigzell, 1978) . These several effects of C. parvum may reflect different thresholds for the induction of certain responses, such as the produiction of interferon at high doses and the development of suppressor cells, or a mechanism which interferes with the maturation of NK cells at low doses. We have examined spleen-cell preparations from rats inoculated with 1 p.g for the presence of suppressor cells, using them in cell mixtures with control or C. parvumrstimulated spleen cells, with no satisfactory evidence for their presence.
It was found that the C. parvumaugmented cytotoxic cells closely resembled NK cells in their physical properties and cytotoxic specificity. Thus cytotoxic cells from the spleen or peritoneal exudate of C. parrum-stimulated rats were non-adherent, non-phagocytic, negative for nonspecific esterase and non-T cells. In addition to the data on the plastic adherence of the effector cells from C. parvum-stimulated rats, in further experiments with nylon-wool columns most of the cytotoxicity recovered was in the non-adherent population (Flexman & Shellam, unpublished observation). This finding would seem to rule out a contribution to cytotoxicity by B cells. In addition it was shown that augmentation of cytotoxicity by C. parvum could occur in the absence of the thymus, since marked augmentation was found in ATX.BM rats. It was noted, however, that whilst the cytotoxic cells from C. parvum-treated rats were largely nonadherent, significant cytotoxicity was manifested by a subpopulation of PEC which adhered to plastic, but this population was less apparent in the peritoneal cavity of normal rats. Heterogeneity in adherence properties of cytotoxic cells in the peritoneal exudate has also been seen in rats whose cytotoxicity was boosted with tumour cells (Dawkins & Shellam, 1979b) .
The cytotoxic specificity of cells from normal and C. parvum-inoculated rats, whether tested by competitive inhibition or by direct lysis, was found to be similar. Thus C. parvum resembles tumour cells (Dawkins & Shellam, 1979b) (Herberman et al., 1977; Wolfe et al., 1977; Ojo et al., 1978b) and evidence suggests that the common property of such stimulatory agents is the ability to induce the formation of interferon (Gidlund et al., 1978) , the NK-stimulating effect of which has been well documented (Trinchieri & Santoli, 1978; Gidlund et al., 1978; Djeu et al., 1979) .
Another interesting feature emerged from our specificity studies. Whereas splenic NK cells from normal W/Fu and BN rats had equivalent specificity, inoculation of C. parvum altered the specificity of cytotoxic cells from BN rats in such a way that there was lysis of P815 and RBL-5 target cells. In contrast, little lysis of these cells was effected by spleen cells from C. parvum-stimulated W/Fu rats, although cytotoxicity towards the sensitive W/FuG-1 target cell was increased. Strain differences in the specificity of NK cells towards peritoneal target cells have been reported in virusinfected mice (Welsh et al., 1979) . The explanation for strain differences in the specificity of NK cells is not known.
Whilst it has been shown that NK cells stimulated by C. parvum may be responsible for tumour regression (Ojo, 1979) the effect of C. parvum on other cell types with anti-tumour potential has been well documented and tumour regression may thus result from the stimulation of several mechanisms. However, the present study has focused on the effect of C. parvum on NK cells in the rat, and has shown that cytotoxicity of these cells can be augmented, but under carefully selected conditions.
